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ABSTRACT

Both Zinc Oxide(zZnO) and Palladium (Pd) doped ZnO thin films prepared by Successive lonic Layer
Adsorption and Reaction technique called SILAR from Sodium Zincate complex. For the structural and
morphological studies of the thin films X-ray diffraction(XXRD) and Scanning Electron Microscopy (SEM) has
done . Strong preferred c-axis orientation happen in both the undoped and Pd-doped ZnO thin films. SEM
micrograph reveals that ZnO possess round shaped particles whereas Pd-doped ZnO shows off-sherical
particles and compact grains. EDX done for investigating Pd incorporation in the film. Hydrogen (H>)
sensing properties of Palladium(Pd) doped ZnO thin films has been studied. behaviors of the ZnO — based gas
sensor For 10% Pd doped ZnO, the sensitivity and response time behaviors to hydrogen gas were investigated .
Sensitivity dependence on the temperature was tested and the optimum operation temperature was at around
310 °C. The response time for the Pd doped ZnO film was 60 sec and the recovery time was 120 sec. The
temperature variation of sensitivity was studied and the maximum sensitivity of 72% was observed at around
300 °C for 1.6 vol% H; in air.
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l. INTRODUCTION
In gas sensor application zinc oxide (ZnO) is a promising material. ZnO thin films are very good detector of
toxic gases, combustible gases and organic vapors. The structural, morphological and electrical characteristics
of the films decide the performance and better application of the films. The presence of impurities and defects in
the films determined these properties. Pd doped ZnO films have immense applications in optical coatings, solar
cells, solid-state display devices and chemical sensors etc [1,2]. Pd is doped due to high transparency, stability,
conductivity and it increases the gas-sensing properties of the ZnO thin films [3]. Deposition of Pd doped ZnO
thin films has been done by many techniques such as spray pyrolysis [1], pulsed laser deposition [2,4], spin
coating [5], sol-gel [6,7,8] etc. The physical techniques give uniform and transparent films. But they are very
expensive. On the other hand low-temperature chemical techniques are simple and cheap. One of the less used
and less studied chemical techniques is SILAR. In SILAR process we need a substrate and two precursors. One
of the precursors contains aqueous solutions of cationic and the other anionic. For the reaction to take place at
the substrate surface the substrate should be dipped alternately into the beakers. Depending on the nature and
kinetics of the reaction the substrate can be introduced into various reactants for a specific length of time. The
number of dipping can be varied differently for different reaction. It limited only by the inherent problems
associated with the deposition technique and the substrate-thin film interface. The technique first performed by
Call et al (1980) [9] and Ristov et al(1987) [10]. and the name was given by Nicalau et al(1990) [11]. The
process involves adsorption of a layer of complex ion on the substrate which is followed by reaction of the
adsorbed ion layer. As the technique carried out under mild conditions and at lower temperatures, implantation
of dopant at low temperatures may be particularly suitable by this method. The present work is to prepare Pd-
doped ZnO thin films on glass substrate by SILAR and study their H, gas sensing characteristics. V.P.Dravid in
his work dealt with the novel Pd doping in ZnO thin film [12]. Pd?* doped ZnO layerd piezoelectric quartz
crystal is a detector of ammonia [13]. Pd also has application as a surface catalyst which passivate the defect
state on the film and increase the gas sensing performance [14]. In the present work 10% Pd doped ZnO films
have been prepared by SILAR. The objective of this work was to deposit Pd doped ZnO films from sodium
zincate complex and to study the application potentiality of the films as hydrogen gas sensor. Earlier we have

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
[456]


http://www.ijesrt.com/

THOMSON REUTERS
ISSN: 2277-9655
[Mondal*, 7(3): March, 2018] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: IJESS7

reported the LPG sensing characteristics of Al doped ZnO films following this technique [15]. We have also
reported hydrogen and LPG sensing properties SnO; films [16].

1. MATERIALS AND METHODS

ZnO and Pd-doped ZnO thin films were prepared on clean glass substrates by SILAR technique. By this
technique the substrate dipped in Sodium zincate complex kept at room temperature and hot water bath kept
near boiling point alternatively. The Sodium zincate bath prepared by adding Sodium hydroxide pellets (NaOH
pellets, Merck, mol. wt 40-00) to Zinc Sulphate (ZnSO4,7H,0) solution. The pH of this solution measured by
systronics pH meter (Model 335) was 12.70.

We have reported earlier pure ZnO film deposition from ammonium zincate bath [17,18, 19] and Pd-doped ZnO
thin film from sodium zincate bath [20] . A precleaned microscopic glass slide has been taken to dip alternately
in zinc complex kept at room temperature and hot water bath maintained at ~94-98.5°C. One complete set of
dipping contains dipping the substrate in each bath for two (2) seconds. 70 dipping were performed for the
present experiment. 10% Pd-doped ZnO film was prepared by adding Palladium chloride hexahydrate
(PdCI2.6H.0, Merck) as the source of dopant and was added in requisite amount in the zincate bath. The
deposited films were all white and homogeneous. All the prepared films were well adherent on the substrate.
The thicknesses of the films were measured by the weight difference-density consideration [10] method. An
electronic balance was used for this purpose. The thickness for pure ZnO film was ~ 0.69 um and it was ~0.89
um for Pd-doped film. This indicates higher growth rate due to Pd incorporation.

Philips PW 1830 x-ray diffractometer with CUK , radiation (A = 1.5418 A) as X-ray source at 40 kV and 20

mA was used for structural analysis of the deposited films. The experimental peak positions were compared
with the standard JCPDS files and the Miller indices were assigned to the peaks. SEM was performed for the
morphological characterization of the films. EDX analysis was carried out to check the incorporation of Pd in
the doped film. The electrical resistance of the films was measured before and after exposure to H, using a
Keithley System Electrometer (Model: 6514). The sensitivity of the deposited film was observed at different
operating temperatures in the range 250-375°C in presence of H, in air. Commercially available calibrated
mixtures of H, were used for this purpose. At first the film was equilibrated at each operating temperature for 30
minutes before exposure to H, gas. The percent sensitivity was measured. For this purpose percent reduction of

resistance in presence of the test gas was measured first. If R, and Rgas represents the equilibrium sample

resistance in ambient air and under test gas respectively, the percent sensitivity (S%)can be expressed as

S% = %% %100 [21,22,23] The gas sensing characteristics (response and recovery) of the Pd doped
air

ZnO film was carried out for Ho. When the ohmic resistance of the sensor material becomes stabilized a known
amount of target gas was introduced. The recovery characteristics (when the target gas is withdrawn) as a
function of time were also monitored. The sensitivity has been defined as Rair /Rgas [24, 25, 26] also. It is
greater than one (1) for reducing gases since the resistance of a sensor material decreases in presence of
reducing gases. In the present work, the sensing characteristic was carried out for a fixed concentration of target
gas and we have used the above equation for calculation of sensitivity.

1. RESULTS AND DISCUSSION
Figure 1 shows the X-ray diffraction (XRD) spectra of undoped and 10% Pd-doped ZnO films. At first the films
were annealed at 350°C for 2 hr. in air before to structural characterization. The diffraction pattern for pure ZnO
is shown in figure 1(a), while figure 1(b) shows the pattern for 10% Pd doped ZnO. The diffraction angle 20 was
scanned in the range 20° to 80°. The 26 variation was employed with a 0.05 degrees step and a time step of 1
second. Intensity in arbitrary units is plotted against 20 in figure 1. It is seen from figure 1 (a) that peaks appears
at 32.21°, 34.94°, 36.59°, 48.50°, 57.60°, 63.88° and 69.02° . All the peaks are in good agreement with the Joint
committee on powder diffraction standard (JCPDS) data belonging to hexagonal ZnO structure [27]. The
corresponding reflecting planes are (100), (002), (101), (102), (110), (103) and (112) respectively. For Pd-
doped ZnO peaks are at 31.34°, 33.89°,35.68°, 47.61°, 56.73°, 62.98° and 68.13°. In the XRD patterns there is,
no phase corresponding to palladium or other palladium compounds. This suggests that the films do not have
any phase segregation or secondary phase formation as well as Pd incorporation into ZnO lattice. The (002)
peak appears with maximum intensity in undoped and Pd doped films. This shows that preferred orientation of
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the crystals along c-axis i.e. perpendicular to the substrate. The other peaks corresponding to (100), (101), (102),
(110) ,(103) and (112) are present with low relative intensities.
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Figure.1

Figure 2(a) shows the SEM micrograph of undoped ZnO film. Figure 2(b) shows the SEM image for 10% Pd-
doped ZnO films. The incorporation of Pd into the lattice affects the morphology as can be seen from the
micrographs. Figure 2(a) shows that the film consists of many round shaped defined uniform grains. However
there is agglomeration in certain regions of the film. Figure 2(b) shows particles with off spherical shape. This
clears that Pd doping modifies the shape of the grains. Also the Pd doped ZnO film appears to have less porosity
compared to un doped ZnO. Thus incorporation of Pd leads to be continuous film with higher density compared
to un doped ZnO.

Figure 2(a): Undoped ZnO
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Figure 2(b): 10%Pd doped ZnO

The incorporation of Pd in the films was verified by the EDX experiment. Figure 3 shows the energy dispersive
X-ray spectrum of palladium doped ZnO film. The spectrum reveals the presence of Zn, O and Pd elements in
the deposited films. The silicon signal appears from the substrate.
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Figure.3

Figure 4(a) shows the percent sensitivity (S%) as a function of operating temperature in presence of 1.6 vol% H
in air. The exposure time to the target gas was 20 minutes. It shows that Pd-doping increases the sensitivity of
the films at all temperatures compared to un doped ZnO film. With increasing temperature of the sensor element
the sensitivity increases. It reaches a peak value and then decreases again. The peak sensitivity for palladium
doped ZnO film was observed at 310°C and the value of maximum sensitivity was 72%. The plot of resistance
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ratio 9 R against time is shown in the figure 4(b). Faster response (short response time) is given by Pd-
air

doped ZnO compared to un doped ZnO film.
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The change of sensitivity with operating temperature is probably due to increased speed of chemical reaction
between the gas molecules and chemisorbed oxygen species [28]. As the gas molecules have enough thermal
energy to react with the chemisorbed species at high temperatures. So we can assume that at temperatures above
325°C, the number of chemisorbed species available for surface activity is lowered. For which decrease of

chemisorbed species can slow down the catalytic oxidation reaction and leads to a decrease in net yield of
conduction electrons and also sensitivity.

Pd incorporation enhances the sensitivity which might be due to more porosity of the films. As more porous of
the films allows gas molecules to penetrate inside the film and the resistance reduction process continues for a

longer time. This delays the attainment of equilibrium resistance value in presence of target gas and increase of
response time.
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V. CONCLUSION

Un doped and Pd-doped ZnO thin film successfully deposited from sodium zincate complex for the first time
by SILAR technique. The technique is simple and inexpensive. The method uses milder reaction conditions. Pd
doping increases the growth rate of the film. XRD spectra showed that the films have hexagonal structure with
preferred c-axis orientation. With temperature the sensitivity of the films increases. It reaches a maximum and
then decreases. This phenomenon may be occured due to the change in nature of chemisorbed species with
temperature and their number density. A high sensitivity of 72% with a reasonably fast response is observed for
Pd doped ZnO film in presence of 1.6 vol% H; in air. On the other hand due to high resistivity of the Pd-doped
ZnO may enhance the gas response of film. [3]
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